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(57) ABSTRACT

A cache device connected to a storage device and connected
to a plurality of sources, including a cache unit that relays a
read request and a read response between a source and a
storage device, and a storage area control unit that stores the
source as a first history in association with specification of
first data 1n a read request, and, 1f the first data are not
retained by the cache unit and a storage area suflicient for
retaining the first data does not exist, selects data associated
with a less number of the sources i1n the first history as
second data 1n preference to data associated with a greater
number of the sources out of the first data or data retained
by the cache umt, and, if the second data differ from the first
data, causes the cache unit to discard the second data and
then store the first data.

10 Claims, 23 Drawing Sheets
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Fig. 6A
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OPERATION OF CACHE DEVICE

TRANSMIT REQUEST
HISTORY INFORMATION

| HELD BY CACHE DEVICE TO |
| SECONDARY CACGHE DEVICE |

US 9,858,204 B2



AHOVO NI VIVAO 0314103dS
44015 NdHL ANV Jd1VAIGNYD ddvOosid ddvosia
V.IVQA J3id103dS WOUW4 SY3441Q 3LVAIANYD QuvOsia dI

US 9,858,204 B2

YIVvQ JHOVO Q34015
40 VIVJ d413103dS 40 LI10 d1VAIONVYDO ddvOSIa

mqm_w:.,mom:o,qou_o»mgm_zhwm:ammzmwmom:om-:mw
40 HIAWNN YILYIUD H1IM J3LVIOOSSV V1ivd 103135 |

¢ 30IA3Q FHOVO
- 40 AYOLSIH n@.mmzamm FHINOOV | ™ gies
S on - — T TE—
= |_v1va Q314193dS 3H0LS
Qe ——— IIAVIVAY VIRV
= T ———3DVHOLS LNIIOI44NS - __- QA
2 801S 6013
| 30dN0S Ol ISNOJS3Y av3an LIASNVHL |
304N0S OL vivad 3HOVvVO | T ™ 01S

% INIANTIONI ISNOJSIY I0IAGQ 3OVUOLS m
= Av3Iyd LINSNVYL NOYd ISNOJSIY aV3IY IAIFOTY
al z . 3018
) POLS 301A3C
m r 3OVHOLS Ol 1S3N03Y dvad LINSNVYI .
-

.................................................. __.@._.mmxm viva m_._oda_

oy T AR -

v1vd Q314193dS HLIM NOILVIDOSSY ..
__NIAYOLSIH 1S3ND3IY SV 30¥NOS 3WOLS | ™ zois

el Pl

40IA4d

dHOVO AHVUONODOLS
40 NOILVH3dO

ag b4

304N0S WO <._.<m G314103dS
H0 4 ._.mm30mm Q{mm AAIF03Y

JOLS

U.S. Patent



U.S. Patent Jan. 2, 2018 Sheet 13 of 23 US 9,858,204 B2

Fig. 9A
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DATA A SOURCE A

DATA B SOURCE B

DATA C SOURCE A
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Fig. 13
SHARED DATA OF

INDEPENDENT DATA OF SERVER B
SERVERS A AND C
SERVER PRIORITY

SERVER A > SERVER B > SERVER C

SHARED DATA OF SERVERS A AND B
INDEPENDENT DATA OF SERVER C
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CACHE DEVICE, CACHE SYSTEM, AND
CACHE METHOD

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2014-250580,
filed on Dec. 11, 2014, the disclosure of which 1s incorpo-
rated herein 1n 1ts entirety by reference.

TECHNICAL FIELD

The present invention relates to a cache device, a cache
system, and a cache method that improve a hit rate of cached
data.

BACKGROUND ART

Many devices that read data use a “cache” technology that
avoids unnecessary readout of data from a low-speed storage
device each time and speeds up data readout by temporarily
retaiming frequently-used data in a high-speed storage
device. The “cache” technology i1s also often used {for
writing data. Further, a high-speed storage device used for a
“cache” and replicated data may also be called “cache.” In
recent years, a technology for enhancing functionality of or
increasing performance of a cache has been developed.

An example of a technology for increasing performance
of a cache 1s disclosed in PTL 1.

A storage subsystem of PTL 1 reduces an influence of
write time to a slow storage device on write time to a fast
storage device by providing separate write caches for dif-
ferent write speeds for storage devices with diflerent write
speeds.

As aresult of the operation described above, in the storage
subsystem of PTL 1, data write processing does not stagnate
even 1f there 1s a difference 1n data write speed from a cache
to each storage device.

Another example of a technology for increasing perfor-
mance of a cache 1s disclosed in PTL 2.

A printed document processing system of PTL 2 outputs
image data output from a plurality of raster image generation
units to a printer while retaining the data in a cache. The
printed document processing system determines whether or
not to retain 1mage data in the cache if remaining capacity
of the cache 1s low by use of an 1mage data score. The image
data score 1s determined by type or complexity of objects, or
load, required time, data size, necessity for color space
conversion, enlargement factor, existence of rotation, exis-
tence of gradation process, or an accumulated cache inquiry
frequency, 1n generation of a raster image, or the like.

As a result of the operation described above, the printed
document processing system of PTL 2 properly judges
whether or not data are retained 1n the cache based on the
image data score being properly defined.

In case that a server reads data from a storage, the server
and the storage may respectively include a cache. The cache
on the server side 1s referred to as “server cache” and the
cache on the storage side 1s referred to as “storage cache.”

In a configuration including both a server cache and a
storage cache, data read by the server are temporarily
retained 1n both the server cache and the storage cache.
Therefore, there may be a case 1n which a piece of data exists
in both the server cache and the storage cache. However, the
data on the storage cache are not referred to until the data on
the server cache are erased, and therefore 1t 1s possible that
a situation that the storage cache 1s unnecessarily occupied
OCCUrs.
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In a case of data being data read only by one particular
server (heremafter referred to as “independent data™), 1t 1s
not until data on a server cache in the particular server are
crased that the corresponding data on a storage cache are
read. On the other hand, 1n a case of data being data read by
a plurality of servers (heremafter referred to as “shared
data”), if data on a server cache in at least one server of the
plurality of servers are erased, the corresponding data on a
storage cache are read. Therefore, in the storage cache, a hit
rate can be improved within a limited cache area by retaining
shared data that are more likely to be read rather than
retaining independent data that are less likely to be read.

An example of a technology for increasing performance
of a cache by separately handling independent data and

shared data 1s disclosed in PTL 3.

In a disk array device of PTL 3, a cache 1n a shared disk
1s placed 1n a shared cache in a disk interface unit and a
cache 1n an exclusive disk 1s placed 1n an exclusive cache 1n
a host interface unit.

As a result of the operation described above, 1n the disk
array device of PTL 3, performance of the disk array device
1s not degraded 1n case that a host interface unit and a disk
interface unit are added.

Another example of a technology for increasing perfor-
mance of a cache by separately handling independent data

and shared data 1s disclosed 1n PTL 4.

In a multi-core processor system of PTL 4, a shared cache
controller distinguishes whether a variable 1s shared data
shared between threads or non-shared data not shared
between threads, in accordance with a program code. The
shared cache controller retains shared data in a shared
memory 1nto a shared cache memory and non-shared data in
a shared memory into a distributed cache.

As a result of the operation described above, the multi-
core processor system of PTL 4 efliciently utilizes an area 1n
the shared cache memory.

CITATION LIST

Patent Literature
[PTL 1] Japanese Unexamined Patent Application Publica-
tion No. 2010-049502
[PTL 2] Japanese Unexamined Patent Application Publica-
tion No. 2012-118745
[PTL 3] Japanese Unexamined Patent Application Publica-
tion No. 2007-206949

[PTL 4] WO2011/161829

SUMMARY
Technical Problem

In the technologies of PTL 3 and 4, independent data and
shared data are distinguished prior to cache operation by
performing setting, analysis, and the like 1n advance. There-
fore, there 1s a problem 1n the technologies of PTL 3 and 4
that dynamic distinction between independent data and
shared data cannot be performed while the cache 1s 1n
operation.

OBIJECT OF INVENTION

A main object of the present invention i1s to provide a
cache device, a cache system, and a cache method capable
of dynamically distinguishing between independent data and
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shared data and preferentially retaining shared data in a
cache while the cache 1s 1n operation.

Solution to Problem

A cache device of the present invention 1s a cache device
connected to a storage device and connected to a plurality of
sources and includes a cache unit that receives a first read
request from a first of the sources, and, 1f not retaining first
data specified 1n the first read request, transmits the first read
request to the storage device, receives a first read response
from the storage device, and transmits the first read response
to the first source, and meanwhile, it retaining the first data,
transmits a second read response including the first data to
the first source, and a storage area control unit that stores the
first source as a first history 1n association with specification
of the first data, and, 11 the first data are not retained by the
cache unit and a storage area suflicient for retaining the first
data exists 1n the cache unit, causes the cache unit to store
the first data, and meanwhile, i1f the first data are not retained
by the cache unit and a storage area suilicient for retaining,
the first data does not exist in the cache unit, selects data
associated with a less number of the sources i1n the first
history as second data 1n preference to data associated with
a greater number of the sources in the first history out of the
first data or data retained 1n the cache unit, and, 1f the second
data differ from the first data, causes the cache unit to discard
the second data and then store the first data.

A cache system of the present invention 1s a cache system
including a cache device connected to a storage device and
a plurality of secondary cache devices connected to the
storage device via the cache device, each of the secondary
cache devices connected to one source, wherein the cache
device includes a cache unit that receives a first read request
from a first source via the secondary cache device, and, 11 not
retaining {irst data specified 1n the first read request, trans-
mits the first read request to the storage device, receives a
first read response from the storage device, and transmits the
first read response to the first source via the secondary cache
device, and meanwhile, it retaining the first data, transmits
a second read response including the first data to the first
source via the secondary cache device, and a storage area
control unit that stores the first source as a first history in
association with specification of the first data, and, 11 the first
data are not retained by the cache unit and a storage area
suilicient for retaining the first data exists 1n the cache unit,
causes the cache unit to store the first data, and meanwhile,
if the first data are not retained by the cache unit and a
storage area sullicient for retaining the first data does not
exist 1n the cache unit, selects data associated with a less
number of the sources 1n the first history as second data in
preference to data associated with a greater number of the
sources 1n the first history out of the first data or data retained
in the cache unit, and, 1t the second data difler from the first
data, causes the cache unit to discard the second data and
then store the first data, and the secondary cache device
includes a secondary cache unit that receives a second read
request from the first source, and, 1f not retaining third data
specified 1n the second read request, transmits the second
read request to the storage device via the cache device,
receives a third read response from the storage device via the
cache device, and transmits the third read response to the
first source, and meanwhile, if retaining the third data,
transmits a fourth read response including the third data to
the first source, and a secondary storage area control unit
that, 1t the third data are not retained and a storage area
suflicient for retaining the third data exists, stores the third

10

15

20

25

30

35

40

45

50

55

60

65

4

data, and meanwhile, 1f the third data are not retained and a
storage area suflicient for retaining the third data does not
exist, acquires information about the first history from the
cache device and selects data associated with a greater
number of the sources 1n the first history as fourth data in
preference to data associated with a less number of the
sources 1n the first history out of the third data or retained
data, and, if the fourth data differ from the third data,
discards the fourth data and then stores the third data.

A cache method of the present invention 1s a cache
method 1n a cache device connected to a storage device and
connected to a plurality of sources, the cache method
including, receiving a first read request from a first of the
sources, and, 11 not retaining first data specified 1n the first
read request, transmitting the first read request to the storage
device, receiving a first read response from the storage
device, and transmitting the first read response to the first
source, and meanwhile, 1 retaining the first data, transmit-
ting a second read response including the first data to the first
source, and storing the first source as a first history in
association with specification of the first data, and, 11 the first
data are not retained and a storage area suflicient for
retaining the first data exists, storing the first data, and
meanwhile, if the first data are not retained and a storage
arca sullicient for retaining the first data does not exist,
selecting data associated with a less number of the sources
in the first history as second data in preference to data
associated with a greater number of the sources in the first
history out of the first data or retained data, and, 11 the second
data differ from the first data, discarding the second data and
then storing the first data.

Advantageous Effects of Invention

The present invention 1s effective 1n dynamaically distin-
guishing between independent data and shared data and
preferentially retaining shared data in a cache while the
cache 1s 1n operation.

BRIEF DESCRIPTION OF TH.

L1l

DRAWINGS

FIG. 1 1s a block diagram illustrating an example of a
configuration of a cache device 100 according to a first
exemplary embodiment of the present invention.

FIG. 2 1s a flowchart illustrating an operation of the cache
device 100 according to the first exemplary embodiment of
the present invention.

FIG. 3A illustrates a time series of data read requests
according to the first exemplary embodiment of the present
invention.

FIG. 3B illustrates manipulations of cache data according,
to the first exemplary embodiment of the present invention.

FIG. 4 1s a block diagram illustrating an example of a
configuration of a cache device 110 according to a second
exemplary embodiment of the present invention.

FIG. § 1s a flowchart illustrating an operation of a sec-
ondary cache device 400 according to the second exemplary
embodiment of the present invention.

FIG. 6A illustrates a time series of data read requests
according to the second exemplary embodiment of the
present 1nvention.

FIG. 6B illustrates manipulations of cache data according
to the second exemplary embodiment of the present inven-
tion.

FIG. 6C illustrates manipulations of cache data according,
to the second exemplary embodiment of the present inven-
tion.
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FIG. 6D 1llustrates manipulations of cache data according
to the second exemplary embodiment of the present inven-
tion.

FIG. 7 1s a block diagram illustrating an example of a
configuration of a cache device 120 according to a third
exemplary embodiment of the present invention.

FIG. 8A 1s a flowchart illustrating an operation of the
cache device according to the third exemplary embodiment
of the present invention.

FIG. 8B 1s a flowchart illustrating operations of the
secondary cache devices according to the third exemplary
embodiment of the present invention.

FIG. 9A illustrates a time series of data read requests
according to the third exemplary embodiment of the present
invention.

FIG. 9B illustrates manipulations of cache data by the
secondary cache device according to the third exemplary
embodiment of the present invention.

FIG. 9C illustrates manipulations of cache data by the
secondary cache device according to the third exemplary
embodiment of the present invention.

FIG. 9D illustrates manipulations of cache data by the
cache device according to the third exemplary embodiment
of the present invention.

FIG. 10 1s a block diagram illustrating an example of a
configuration of a storage 130 according to a fourth exem-
plary embodiment of the present invention.

FIG. 11 1s a flowchart illustrating an operation of the
storage 130 according to the fourth exemplary embodiment
of the present invention.

FIG. 12 1s a diagram for describing a specific example of
a creation method of a “divided area™ in the storage 130
according to the fourth exemplary embodiment of the pres-
ent 1nvention.

FI1G. 13 15 a diagram for describing a specific example of
a selection method of data to be discarded from a storage
cache 138 1n the storage 130 according to the fourth exem-
plary embodiment of the present invention.

FIG. 14A 1s a diagram 1illustrating an example of cache
data placement according to the fourth exemplary embodi-
ment of the present invention.

FIG. 14B 1s a diagram 1illustrating an example of cache
data placement according to the fifth exemplary embodiment
of the present invention.

FIG. 15 1s a block diagram illustrating an example of
configurations of a storage 140 and servers 340, 341, and
342 according to the fifth exemplary embodiment of the
present invention.

FI1G. 16 1s a flowchart illustrating operations of the storage

140 and the server 340 according to the fifth exemplary
embodiment of the present invention.

EXEMPLARY EMBODIMENT

Exemplary embodiments of the present mnvention will be
described 1n detail below with reference to the drawings. A
same reference sign 1s given to a similar component in the
drawings, thus omitting description thereof accordingly.

First Exemplary Embodiment

First, a configuration according to the present exemplary
embodiment will be described. FIG. 1 1s a block diagram
illustrating an example of a configuration of a cache device
100 according to the first exemplary embodiment of the
present mvention.
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The cache device 100 according to the present exemplary
embodiment 1s connected to a storage device 200 and
sources 300 and 301. The cache device 100 includes a cache
umt 101 and a storage area control unit 102. The cache
device 100 may be connected to a plurality of storage
devices and may be connected to three or more sources.

The cache unit 101 first receives a read request for data
from the source 300.

Next, 11 not retaining specified data specified in the read
request, the cache unit 101 transmits a read request to the
storage device 200, receives a response to the read request
(read response) from the storage device 200, and transmits
the read response to the source 300. On the other hand, 1t
retaining specified data specified in the read request, the
cache unit 101 transmits a read response including the
retained specified data to the source 300.

The cache unmit 101 has a predetermined upper limit
(cache capacity) that sets an amount of retainable cache data.
Cache capacity 1s defined by use of the total number of bytes
of retainable cache data. Alternatively, cache capacity may
be defined by use of an upper limit of the number of blocks
of a memory area used for storing specified data, an upper
limit of number of retainable specified data, or the like.

The cache unit 101 operates with the source 301 1n the
same way as with the source 300.

The storage area control unit 102 first stores the source
300 1n a history 1n association with “specification” of
speciflied data 1in a read request. The aforementioned history
held by the storage area control unit 102 1n the cache device
100 1s heremaftter called “request history.” The “specifica-
tion” of specified data refers to any information that speci-
fies specified data. The specification of specified data
includes, for example, a data 1dentifier, a file name, a set of
a starting address and an ending address, a set of a starting
address and a length of data, a storage device identifier, or
a combination thereof. In a request history, the source 300 1s
specified by use of any information that specifies a source
such as a source 1dentifier and a network address.

The storage area control unmit 102 may retain only a
predetermined number of latest elements as request history
clements. The storage area control unit 102 may also store
a source and a request frequency of specification of particu-
lar specified data as a request history.

Next, 11 specified data are not retained by the cache unit
101 and a storage area suflicient for retaining the aforemen-
tioned specified data exists 1in the cache unit 101, the storage
area control unit 102 causes the cache unit 101 to store the
specified data. On the other hand, 1f specified data are not
retained by the cache unit 101 and a storage area suflicient
for retaining the specified data does not exist in the cache
umt 101, the storage area control unit 102 determines

discard candidate data. Specifically, the storage area control
umt 102 selects data associated with a less number of
sources 1n the request history as discard candidate data in
preference to data associated with a greater number of
sources out of the specified data or data retained 1n the cache
unit 101. Then, 1f the selected discard candidate data difler
from the specified data, the storage area control unit 102
causes the cache unit 101 to discard the discard candidate
data and then store the specified data.

The storage area control unit 102 may refer to only a
predetermined number of latest elements out of request
history elements. I a plurality of cache data or specified data
assoclated with the least number of sources exists, the
storage area control unit 102 may select any of the cache
data or the specified data as a discard candidate. The cache
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device 100, for example, selects cache data corresponding to
the earliest read request as a discard candidate out of the
data.

The storage area control unit 102 operates with the source
301 in the same way as with the source 300.

The storage device 200 retains original data of cache data.
The storage device 200 1s, for example, a memory, an SSD
(Solid State Drive), a hard disk, a disk array, a database, or
a server.

The sources 300 and 301 read data retained by the storage
device 200. The sources 300 and 301 include, for example,
a server, a terminal, a CPU (Central Processing Unit), each
core 1n a multi-core CPU, each thread in a multithread-
capable CPU.

Next, an operation according to the present exemplary
embodiment will be described.

FI1G. 2 15 a flowchart illustrating an operation of the cache
device 100 according to the first exemplary embodiment of
the present mvention. The flowchart in FIG. 2 illustrates
processing ol one data readout from one source. Processing
for the source 300 will be described below as an example.
The tlowchart illustrated 1n FIG. 2 and the description below
are an example, and process order or the like may be
interchanged and processes may be returned or repeated, as
appropriate depending on required processes. In case that the
cache device 100 1s connected to three or more sources, the
cache device 100 operates in the same way as described
below.

The cache unit 101 receives a read request for particular
data from the source 300 (Step S101).

The storage area control unit 102 stores the source 300 as
a request history 1n association with specification of speci-
fied data 1n the read request (Step S102).

The storage area control umt 102 determines whether or
not the specified data are retamned by the cache umt 101
(Step S103).

It the specified data are retained by the cache unit 101
(Step S103: Yes), the cache unit 101 transmits a read
response 1mcluding the retained specified data to the source
300 (Step S104) and ends the process.

If the specified data are not retained by the cache umt 101
(Step S103: No), the cache unit 101 transmits a read request
to the storage device 200 (Step S105) and proceeds to a
process 1 Step S106. The cache unit 101 receives a read
response from the storage device 200 (Step S106), transmits
the read response to the source 300 (Step S107), and
proceeds to a process 1 Step S108.

The storage area control umt 102 determines whether or
not a storage area suflicient for retaining the atorementioned
specified data exists 1in the cache unit 101 (Step S108).

If a storage area suflicient for retaining the aforemen-
tioned specified data exists 1n the cache unit 101 (Step S108:
Yes), the storage area control unit 102 causes the cache unit
101 to store the specified data (Step S109) and ends the
pProcess.

If a storage area suilicient for retaining the aforemen-
tioned specified data does not exist in the cache unit 101
(Step S108: No), the storage area control unit 102 selects
data associated with a less number of sources 1n the request
history as discard candidate data in preference to data
associated with a greater number of sources out of the
specified data or data retained 1n the cache unit 101 (Step
S110) and proceeds to a process 1n Step S111. 11 the selected
discard candidate data differ from the specified data, the
storage area control unit 102 causes the cache unit 101 to
discard the discard candidate data and then store the speci-
fied data (Step S111) and ends the process. The aforemen-
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8

tioned number of sources represents the number of sources
that request particular data in the request history. For
example, 1f particular data are requested three times by the
source 300 and four times by the source 301, the aforemen-
tioned number of sources 1s 2.

Next, a specific example of processing according to the
present exemplary embodiment will be described.

FIGS. 3A and 3B are diagrams for describing a specific
example of an operation of the cache device 100 according
to the first exemplary embodiment of the present invention.

FIG. 3 A illustrates a time series of data read requests from
the sources 300 and 301. The first element indicates that
there 1s a read request for specified data “data A” from a
source “source A” (source 300) at a time “1.” The second
clement i1ndicates that there 1s a read request for specified
data “data B” from a source “‘source B” (source 301) at a
time *“2.” The third element indicates that there 1s a read
request for specified data “data C” from the source “source
A’ at a time “3.” The fourth element indicates that there 1s
a read request for the specified data “data C”” from the source
“source B” at a time “4.” The fifth to eighth elements
indicate that the read requests at the times “1” to “4” are
repeated at times “35” to “8,” respectively.

In other words, the “data A” are independent data
requested only by the source “source A.” Further, the “data
B” are independent data requested only by the source
“source B.” On the other hand, the “data C” are shared data
requested by both the source “source A” and the source
“source B.”

FIG. 3B illustrates manipulations of cache data by the
cache device 100. The first column denotes time. The second
column, the third column, and the fourth column respec-
tively indicate a mampulation of specified data “data A”,
specified data “data B”, and specified data “data C” by the
cache device 100. A manipulation “update” represents relay-
ing a data read request and a data read response to/ifrom the
storage device 200 and updating cache data with data 1n the
data read response. A manipulation “hit” represents trans-
mitting a data read response by use of retained cache data.
A manipulation “keep” represents not changing cache data.
A manipulation “relay” represents relaying a data read
request and a data read response to/from the storage device
200 but not updating cache data. In FIG. 3B, cache capacity
of the cache unit 101 amounts to one piece of specified data.
Further, it 1s assumed that the cache 1s empty prior to the
time “1.”

Time “17)

The cache device 100 recewes a read request for specified
data “data A” from a source “source A” (Step S101). Then,
the cache device 100 records the source 1n a request history
(Step S102). Since cache data for the specified data “data A”
do not exist (Step S103: No), the cache device 100 acquires
the specified data “data A” from the storage device 200
(Steps S105 and S106) and transmits the data to the source
“source A” (Step S107). Since a free area required for a
cache 1s available (Step S108: Yes), the cache device 100
stores the specified data “data A 1n the cache (Step S109).
Time “27)

The cache device 100 receives a read request for specified
data “data B” from a source “source B” (Step S101). Then,
the cache device 100 records the source in the request
history (Step S102). Since cache data for the specified data
“data B” do not exist (Step S103: No), the cache device 100
acquires the specified data “data B” from the storage device
200 (Steps S105 and S106) and transmits the data to the
source “source B” (Step S107). Since a free area required for
a cache 1s not available (Step S108: No), the cache device
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100 selects the data “data A” associated with one source
“source A” as a discard candidate (Step S110) and updates
the selected discard candidate “data A” with the specified
data “data B (Step S111). In this operation example, 1t a
plurality of cache data or specified data associated with the
least number of sources exists, the cache device 100 selects
cache data corresponding to the earliest read request as a
discard candidate.

Time “37)

The cache device 100 recerves a read request for specified
data “data C” from the source “source A (Step S101). Then,
the cache device 100 records the source in the request
history (Step S102). Since cache data for the specified data
“data C” do not exist (Step S103: No), the cache device 100
acquires the specified data “data C” from the storage device
200 (Steps S105 and S106) and transmits the data to the
source “source A (Step S107). Since a free area required for
a cache 1s not available (Step S108: No), the cache device
100 selects the data “data B” associated with the source
“source B” as a discard candidate (Step S110) and updates
the selected discard candidate “data B” with the specified
data “data C” (Step S111).

Time “47)

The cache device 100 receives a read request for the
specified data “data C” from the source *“source B” (Step
S101). Then, the cache device 100 records the source 1n the
request history (Step S102). Since cache data for the speci-
fied data “data C” exist (Step S103: Yes), the cache device
100 transmuts a read response including the cache data “data
C” to the source “source B” (Step S104).

Time “57)

The cache device 100 receives a read request for the
specified data “data A” from the source “source A” (Step
S101). Then, the cache device 100 records the source 1n the
request history (Step S102). Since cache data for the speci-
fied data “data A” do not exist (Step S103: No), the cache
device 100 acquires the specified data “data A” from the
storage device 200 (Steps S1035 and S106) and transmits the
data to the source “source A” (Step S107). Since a free area
required for a cache 1s not available (Step S108: No), the
cache device 100 selects the data “data A” associated with
one source “source A” as a discard candidate (Step S110).
Then, since the selected discard candidate “data A” and the
specified data “data A” are the same, the cache device 100
ends the process (Step S111).

Time “67)

The cache device 100 receives a read request for the
specified data “data B” from the source “source B” (Step
S101). Then, the cache device 100 records the source 1n the
request history (Step S102). Since cache data for the speci-
fied data “data B” do not exist (Step S103: No), the cache
device 100 acquires the specified data “data B” from the
storage device 200 (Steps S105 and S106) and transmuits the
data to the source “source B” (Step S107). Since a free area
required for a cache 1s not available (Step S108: No), the
cache device 100 selects the data “data B” associated with
one source “‘source B” as a discard candidate (Step S110).
Then, since the selected discard candidate “data B and the
specified data “data B” are the same, the cache device 100
ends the process (Step S111).

Time ““77)

The cache device 100 receives a read request for the
specified data “data C” from the source “source A” (Step
S101). Then, the cache device 100 records the source 1n the
request history (Step S102). Since cache data for the speci-
fied data “data C” exist (Step S103: Yes), the cache device
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100 transmits a read response including the cache data “data
C” to the source “source A” (Step S104).

Time “8”)
The cache device 100 receives a read request for the
specified data “data C” from the source “source B” (Step
S101). Then, the cache device 100 records the source 1n the
request history (Step S102). Since cache data for the speci-
fied data “data C” exist (Step S103: Yes), the cache device
100 transmuits a read response including the cache data “data
C” to the source “source B” (Step S104).

As described above, the cache device 100 according to the
present exemplary embodiment retains shared data i a
cache 1n preference to independent data. In particular, 1f
cache capacity 1s suflicient for retaining entire shared data,
the cache device 100 retains entire read shared data in the
cache. Further, the cache device 100 dynamically judges
whether or not specified data are shared data while the cache
1s 1n operation, 1 accordance with a request history. There-
fore, the cache device 100 according to the present exems-
plary embodiment 1s capable of dynamically distinguishing
between independent data and shared data and preferentially
retaining shared data in the cache while the cache 1s 1n
operation.

In the cache device 100 according to the present exem-
plary embodiment, shared data are retained 1n a cache in
preference to independent data, and therefore a hit rate of a
cache 1s particularly high 11 a ratio of read requests for
shared data to read requests for independent data 1s high.

Second Exemplary Embodiment

Next, a second exemplary embodiment of the present
invention 1n which a cache device 1s connected to a source
via a secondary cache device in the aforementioned first
exemplary embodiment will be described. In the following
description, a same reference sign 1s given to a similar
component described 1n the aforementioned first exemplary
embodiment, thus omitting description thereof accordingly.

First, a configuration according to the present exemplary
embodiment will be described.

FIG. 4 1s a block diagram illustrating an example of a
configuration of a cache device 110 according to the second
exemplary embodiment of the present invention.

The cache device 110 according to the present exemplary
embodiment 1s connected to a source 300 via a secondary
cache device 400. Further, the cache device 110 1s connected
to a source 301 via a secondary cache device 401. A
configuration of the cache device 110 according to the
present exemplary embodiment 1s the same as the configu-
ration of the cache device 100 according to the first exem-
plary embodiment.

The secondary cache devices 400 and 401 are general
cache devices. The secondary cache devices 400 and 401
relay a data read request from the sources 300 and 301,
respectively, to a storage device 200 via the cache device
110. When relaying a data read request, the secondary cache
devices 400 and 401 retain relayed read data 1n an internal
cache, respectively. The secondary cache devices 400 and
401 preferentially discard cache data with low read fre-
quency 11 cache data exceed cache capacity.

Next, an operation according to the present exemplary
embodiment will be described.

FIG. 5 1s a flowchart illustrating an operation of the
secondary cache devices 400 and 401 according to the
second exemplary embodiment of the present invention. The
flowchart in FIG. 3 illustrates processing of one data readout
from one source. Processing for the source 300 by the
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secondary cache device 400 will be described below as an
example. The tlowchart illustrated 1n FIG. 5 and the descrip-
tion below are an example, and process order or the like may
be 1nterchanged and processes may be returned or repeated,
as appropriate depending on required processes.

An operation of the cache device 110 according to the
present exemplary embodiment 1s the same as the operation
of the cache device 100 according to the first exemplary
embodiment.

An operation of the secondary cache device 400 accord-
ing to the present exemplary embodiment 1s the same as the
operation of the cache device 100 according to the first
exemplary embodiment except that the process 1n Step S110
1s replaced by a process 1 Step S210.

The secondary cache device 400 selects data less fre-
quently associated with the source in the request history as
discard candidate data in preference to data more frequently
associated with the source out of the specified data or data
retained 1n the cache (Step S210) and proceeds to a process
in Step S111. The atorementioned frequency represents an
accumulated frequency of particular data being requested by
a source 1n a request history. For example, 1f particular data
are requested by the source 300 twice, the aforementioned
frequency 1s 2.

If a plurality of cache data or specified data least fre-
quently associated with the source exist, the secondary
cache device 400 may select any of the cache data or the
speciflied data as a discard candidate. The secondary cache
device 400, for example, selects cache data corresponding to
the earliest read request as a discard candidate out of the
data.

Next, a specific example of processing according to the
present exemplary embodiment will be described.

FIGS. 6A-6D are diagrams for describing a specific
example of operations of the cache device 110 and the
secondary cache devices 400 and 401 according to the
second exemplary embodiment of the present invention.

FIG. 6 A illustrates a time series of data read requests from
the sources 300 and 301. The first element indicates that
there 1s a read request for specified data “data A” from a
source “source A” at a time “l1.” The second element
indicates that there 1s a read request for specified data “data
B” from a source “source B” at a time “2.” The third and
fourth elements indicate that the read requests at the times
“1” and *“2” are respectively repeated at times “3” and “4.”
The fifth element indicates that there 1s a read request for
specified data “data C” from the source “source A” at a time
“3.” The sixth element indicates that there 1s a read request
tor the specified data “data C” from the source “source B”
at a time “6.” The seventh to twellth elements indicate that
the read requests at the times “1” to “6” are respectively
repeated at times “7” to “12.”

In other words, the “data A” are independent data
requested only by the source “source A.” Further, the “data
B” are independent data requested only by the source
“source B.” On the other hand, the “data C” are shared data
requested by both the source “source A” and the source
“source B.”

FIG. 6B illustrates manipulations of cache data by the
secondary cache device 400. A prerequisite and a description
method of a manipulation are the same as the prerequisite
and the description method 1n FIG. 3B.

FIG. 6C illustrates manipulations of cache data by the
secondary cache device 401. A prerequisite and a description
method of a manipulation are the same as the prerequisite
and the description method 1n FIG. 3B.

10

15

20

25

30

35

40

45

50

55

60

65

12

FIG. 6D 1illustrates manipulations of cache data by the
cache device 110. A prerequisite and a description method of
a manipulation are the same as the prerequisite and the
description method 1n FIG. 3B.

Time “17)

The secondary cache device 400 receives a read request
for specified data “data A” from a source “source A” (Step
S101). Then, the secondary cache device 400 records the
source 1n a request history (Step S102). Since cache data for
the specified data “data A” do not exist (Step S103: No), the
secondary cache device 400 acquires the specified data “data
A” from the storage device 200 via the cache device 110
(Steps S105 and S106) and transmits the data to the source
“source A” (Step S107). Since a free area required for a
cache 1s available (Step S108: Yes), the secondary cache
device 400 stores the specified data “data A” in the cache
(Step S109).

The cache device 110 receives a read request for the
speciflied data “data A” from the source “source A” via the
secondary cache device 400 (Step S101). Then, the cache
device 110 records the source in the request history (Step
S102). Since cache data for the specified data “data A” do
not exist (Step S103: No), the cache device 110 acquires the
specified data “data A” from the storage device 200 (Steps
S105 and S106) and transmits the data to the source “source
A” via the secondary cache device 400 (Step S107). Since
a Iree area for a cache 1s available (Step S108: Yes), the
cache device 110 stores the specified data “data A” in the
cache (Step S109).

Time “27)

The secondary cache device 401 receives a read request
for specified data “data B” from a source “source B” (Step
S101). Then, the secondary cache device 401 records the
source 1n the request history (Step S102). Since cache data
tor the specified data “data B” do not exist (Step S103: No),

the secondary cache device 401 acquires the specified data
“data B” from the storage device 200 via the cache device
110 (Steps S105 and S106) and transmits the data to the

source “source B” (Step S107). Since a free area required for
a cache 1s available (Step S108: Yes), the secondary cache

device 401 stores the specified data “data B” in the cache
(Step S109).

The cache device 110 receives a read request for the
specified data “data B” from the source “source B” via the
secondary cache device 401 (Step S101). Then, the cache
device 110 records the source in the request history (Step
S102). Since cache data for the specified data “data B” do
not exist (Step S103: No), the cache device 110 acquires the
specified data “data B” from the storage device 200 (Steps
S105 and S106) and transmuits the data to the source “source
B” via the secondary cache device 401 (Step S107). Since a
free area required for a cache i1s not available (Step S108:
No), the cache device 110 selects the data “data A™ associ-
ated with one source “source A” as a discard candidate (Step
S110) and updates the selected discard candidate “data A”
with the specified data “data B” (Step S111).

Time “37)

The secondary cache device 400 receives a read request
for the specified data “data A” from the source “source A”
(Step S101). Then, the secondary cache device 400 records
the source in the request history (Step S102). Since cache
data for the specified data “data A exist (Step S103: Yes),
the secondary cache device 400 transmits a read response
including the cache data “data A” to the source “source A”

(Step S104).
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Time “47)

The secondary cache device 401 receives a read request
for the specified data “data B” from the source “source B”
(Step SlOl) Then, the secondary cache device 401 records
the source 1n the request history (Step S102). Since cache
data for the specified data “data B” exist (Step S103: Yes),
the secondary cache device 401 transmits a read response
including the cache data “data B” to the source “source B”
(Step S104).

Time ““57)

The secondary cache device 400 receives a read request
for specified data “data C” from the source “source A” (Step
S101). Then, the secondary cache device 400 records the
source 1n the request history (Step S102). Since cache data
for the specified data “data C” do not exist (Step S103: No),
the secondary cache device 400 acquires the specified data
“data C” from the storage device 200 via the cache device
110 (Steps S105 and S106) and transmits the data to the
source “source A” (Step S107). Since a free area required for
a cache 1s not available (Step S108: No), the secondary
cache device 400 selects the data “data C” associated with

the source “source A” once as a discard candidate (Step
S5210) and discards the selected discard candidate “data C”

(Step S111).

The cache device 110 recerves a read request for the
speciflied data “data C” from the source “source A” via the
secondary cache device 400 (Step S101). Then, the cache
device 110 records the source 1n the request history (Step
S102). Since cache data for the specified data “data C” do
not exist (Step S103: No), the cache device 110 acquires the
specified data “data C” from the storage device 200 (Steps
S105 and S106) and transmuits the data to the source “source
A” via the secondary cache device 400 (Step S107). Since
a 1ree area required for a cache 1s not available (Step S108:
No), the cache device 110 selects the data “data B” associ-
ated with one source “source B” as a discard candidate (Step
S110) and updates the selected discard candidate “data B”
with the specified data “data C” (Step S111).

Time “6”)

The secondary cache device 401 receives a read request
for the specified data “data C” from the source “source B”
(Step S101). Then, the secondary cache device 401 records
the source 1n the request history (Step S102). Since cache
data for the specified data “data C do not exist (Step S103:
No), the secondary cache device 401 acquires the specified
data “data C” from the storage device 200 via the cache
device 110 (Steps S105 and S106) and transmits the data to
the source “source B” (Step S107). Since a free area required
for a cache 1s not available (Step S108: No), the secondary
cache device 401 selects the data “data C” associated with

the source “source B” once as a discard candidate (Step
S5210) and discards the selected discard candidate “data C”

(Step S111).

The cache device 110 recerves a read request for the
speciflied data “data C” from the source “source B” via the
secondary cache device 401 (Step S101). Then, the cache
device 110 records the source 1n the request history (Step
S5102). Since cache data for the specified data “data C” exist
(Step S103: Yes), the cache device 110 transmits a read
response including the cache data “data C” to the source
“source B” via the secondary cache device 401 (Step S104).

Time ““77)

The secondary cache device 400 operates 1n the same way
as at the time ““3.”

Time ““8”)

The secondary cache device 401 operates 1n the same way
as at the time *“4.”
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Time “97)

T'he secondary cache device 400 operates 1n the same way

as at the time “3.”
Time “10”)

-

T'he secondary cache device 401 operates 1n the same way

as at the time *“4.”
Time “117)

The secondary cache device 400 operates in the same way
as at the time *5.”

The cache device 110 receives a read request for the
speciflied data “data C” from the source “source A” via the
secondary cache device 400 (Step S101). Then, the cache
device 110 records the source 1n the request history (Step
S102). Since cache data for the specified data “data C exist
(Step S103: Yes), the cache device 110 transmits a read
response including the cache data “data C” to the source

“source A” via the secondary cache device 400 (Step S104).
Time “127)

r

T'he secondary cache device 401 operates in the same way
as at the time *“6.”

The cache device 110 operates 1n the same way as at the
time “6.”

As described above, the cache device 110 according to the
present exemplary embodiment retains shared data in a
cache 1n preference to independent data. In particular, 1f
cache capacity 1s suflicient for retaining entire shared data,
the cache device 110 retains entire read shared data in the
cache. Further, the cache device 110 dynamically judges
whether or not specified data are shared data while the cache
1s 1n operation, 1 accordance with a request history. There-
fore, the cache device 110 according to the present exems-
plary embodiment 1s capable of dynamically distinguishing
between independent data and shared data and preferentially
retaining shared data in the cache while the cache 1s n
operation.

The secondary cache device 400 preferentially retains
data requested by the source 300 with high frequency 1n a
cache. In particular, 1f cache capacity 1s suflicient for retain-
ing entire data with high request frequency, the secondary
cache device 400 retains entire read data with high request
frequency 1n a cache. The secondary cache device 401
operates 1n the same way as the secondary cache device 400.
In other words, the secondary cache devices 400 and 401
preferentially retain data with high request frequency 1n a
cache, respectively, and the cache device 110 preferentially
retains shared data in the cache. Therefore, in the cache
device 110, a hit rate of a cache 1s particularly high 11 a ratio
of read requests for individual independent data to read
requests for individual shared data 1s high.

Further, 11 a ratio of read requests for individual indepen-
dent data to read requests for individual shared data 1s high,
the secondary cache devices 400 and 401 mainly retain a
cache for data with high request frequency, respectively. On
the other hand, 1f a ratio of read requests for individual
independent data to read requests for individual shared data
1s high, the cache device 110 mainly retains a cache for
shared data. Consequently, 1n the cache device 110 accord-
ing to the present exemplary embodiment, overall cache
utilization ethiciency 1s improved compared with a case in
which an ordinary cache device 1s used.

Third Exemplary Embodiment

Next, a third exemplary embodiment of the present inven-
tion 1n which a cache device passes request history infor-
mation to a secondary cache device according to the afore-
mentioned second exemplary embodiment will be described.
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In the following description, a same reference sign 1s given
to a similar component described 1n the second exemplary
embodiment, thus omitting description thereof accordingly.

First, a configuration according to the present exemplary
embodiment will be described.

FIG. 7 1s a block diagram illustrating an example of a
configuration of a cache device 120 according to the third
exemplary embodiment of the present invention.

The cache device 120 1s connected to a secondary cache
device 410 instead of the secondary cache device 400
according to the second exemplary embodiment. Further, the
cache device 120 1s connected to a secondary cache device
411 1nstead of the secondary cache device 401 according to
the second exemplary embodiment.

The cache device 120 according to the present exemplary
embodiment 1ncludes a communication unit 123.

If request history information 1s requested by the second-
ary cache device 410 or 411, the communication unit 123
transmits the request history information to the secondary
cache device.

The secondary cache device 410 operates differently from
the secondary cache device 400 according to the second
exemplary embodiment. Further, the secondary cache device
411 operates differently from the secondary cache device
410 according to the second exemplary embodiment. In the
present exemplary embodiment, while the cache device 120
preferentially retains shared data similarly to the second
exemplary embodiment, the secondary cache devices 410
and 411 preferentially retain independent data. Therefore,
overall cache utilization efliciency 1s improved.

The remaining configuration of the cache device 120
according to the present exemplary embodiment 1s the same
as the configuration of the cache device 110 according to the
second exemplary embodiment.

Next, an operation according to the present exemplary
embodiment will be described.

FIGS. 8 A and 8B show a flowchart 1llustrating operations
of the cache device 120 and the secondary cache devices 410
and 411 according to the third exemplary embodiment of the
present invention.

FIG. 8A 1s a tlowchart illustrating an operation of the
cache device 120. The flowchart in FIG. 8A illustrates
processing 1n case that an acquisition request for one request
history 1s received from one secondary cache device. Pro-
cessing 1n case that an acquisition request 1s received from
the secondary cache device 410 will be described below as
an example. The flowchart illustrated 1n FIG. 8A and the
description below are an example and processes may be
repeated as appropriate depending on required processes.

FIG. 8B 1s a flowchart illustrating operations of the
secondary cache devices 410 and 411. The tlowchart in FIG.
8B illustrates processing of one data readout from one
source. Processing for the source 300 by the secondary
cache device 410 will be described below as an example.
The flowchart illustrated in FIG. 8B and the description
below are an example and process order or the like may be
interchanged and processes may be returned or repeated, as
appropriate depending on required processes.

An operation of the cache device 120 according to the
present exemplary embodiment 1s the same as the operation
of the cache device 110 according to the second exemplary
embodiment except that a process 1n Step S401 1s added.

The cache device 120 receives an acquisition request for
a request history from the secondary cache device 410.

Then, the cache device 120 transmits request history infor-
mation held by the cache device 120 (Step S401).
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An operation of the secondary cache device 410 accord-
ing to the present exemplary embodiment 1s the same as the
operation of the secondary cache device 400 according to
the second exemplary embodiment except that the process in
Step S210 1s replaced by processes 1n Steps S310 and S311.

The secondary cache device 410 acquires a request his-
tory of the cache device 120 from the cache device 120 (Step
S5310) and proceeds to a process 1 Step S311.

The secondary cache device 410 selects data associated
with a greater number of sources in the request history of the
cache device 120 as discard candidate data in preference to
data associated with a less number of sources out of the
speciflied data or data retained 1n the cache (Step S311) and
proceeds to a process i Step S111. The aforementioned
number of sources represents the number of sources that
request particular data 1n the request history. For example, 1
particular data are requested twice by the source 300 and
three times by the source 301, the aforementioned number of
sources 1s 2.

If a plurality of cache data or specified data associated
with the greatest number of sources exist, the secondary
cache device 410 may select any of the cache data or the
specified data as a discard candidate. The secondary cache
device 410, for example, selects cache data corresponding to
the latest read request as a discard candidate out of the data.

Next, a specific example of processing according to the
present exemplary embodiment will be described.

FIGS. 9A-9D are diagrams for describing a specific
example of operations of the cache device 120 and the
secondary cache devices 410 and 411 according to the third
exemplary embodiment of the present invention.

FIG. 9A illustrates a time series of data read requests from
the sources 300 and 301 and 1s the same as FIG. 3A.

FIG. 9B 1illustrates manipulations of cache data by the
secondary cache device 410. A prerequisite and a description
method of a manipulation are the same as the prerequisite
and the description method 1n FIG. 6B.

FIG. 9C 1illustrates manipulations of cache data by the
secondary cache device 411. A prerequisite and a description
method of a manipulation are the same as the prerequisite
and the description method 1n FIG. 6C.

FIG. 9D 1illustrates manipulations of cache data by the
cache device 120. A prerequisite and a description method of
a manipulation are the same as the prerequisite and the
description method in FIG. 6D.

Time “17)

The secondary cache device 410 receives a read request
for specified data “data A” from a source “source A” (Step
S101). Then, the secondary cache device 410 records the
source 1n a request history (Step S102). Since cache data for
the specified data “data A” do not exist (Step S103: No), the
secondary cache device 410 acquires the specified data “data
A” from the storage device 200 via the cache device 120
(Steps S105 and S106) and transmits the data to the source
“source A” (Step S107). Since a free area required for a
cache 1s available (Step S108: Yes), the secondary cache
device 410 stores the specified data “data A” 1n the cache
(Step S109).

The cache device 120 receives a read request for the
specified data “data A” from the source “source A” via the
secondary cache device 410 (Step S101). Then, the cache
device 120 records the source in a request history (Step
S102). Since cache data for the specified data “data A” do
not exist (Step S103: No), the cache device 120 acquires the
specified data “data A” from the storage device 200 (Steps
S105 and S106) and transmuits the data to the source “source
A’ via the secondary cache device 410 (Step S107). Since
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a Iree area required for a cache 1s available (Step S108: Yes),
the cache device 120 stores the specified data “data A™ in the
cache (Step S109).

Time “27)

The secondary cache device 411 recerves a read request
for specified data “data B” from a source “source B” (Step

S101). Then, the secondary cache device 411 records the
source 1n the request history (Step S102). Since cache data
tor the specified data “data B” do not exist (Step S103: No),

the secondary cache device 411 acquires the specified data
“data B” from the storage device 200 via the cache device

120 (Steps S105 and S106) and transmits the data to the

source “source B” (Step S107). Since a free area required for
a cache 1s available (Step S108: Yes), the secondary cache

device 411 stores the specified data “data B” in the cache
(Step S109).

The cache device 120 receives a read request for the
specified data “data B” from the source “source B” via the
secondary cache device 411 (Step S101). Then, the cache
device 120 records the source in the request history (Step
S5102). Since cache data for the specified data “data B” do
not exist (Step S103: No), the cache device 120 acquires the
specified data “data B” from the storage device 200 (Steps
S105 and S106) and transmits the data to the source “source
B” via the secondary cache device 411 (Step S107). Since a
free area required for a cache i1s not available (Step S108:
No), the cache device 120 selects the data “data A™ associ-
ated with one source “source A” as a discard candidate (Step
S110) and updates the selected discard candidate “data A”
with the specified data “data B (Step S111).

Time “37)

The secondary cache device 410 receives a read request
for specified data “data C” from the source “source A” (Step
S101). Then, the secondary cache device 410 records the
source 1n the request history (Step S102). Since cache data
tor the specified data “data C” do not exist (Step S103: No),
the secondary cache device 410 acquires the specified data
“data C” from the storage device 200 via the cache device
120 (Steps S105 and S106) and transmits the data to the
source “source A” (Step S107).

The cache device 120 receives a read request for the
specified data “data C” from the source “source A” via the
secondary cache device 410 (Step S101). Then, the cache
device 120 records the source in the request history (Step
S102). Since cache data for the specified data “data C” do
not exist (Step S103: No), the cache device 120 acquires the
specified data “data C” from the storage device 200 (Steps
S105 and S106) and transmits the data to the source “source
A’ via the secondary cache device 410 (Step S107). Since
a free area required for a cache 1s not available (Step S108:
No), the cache device 120 selects the data “data B” associ-
ated with one source “source B” as a discard candidate (Step
S110) and updates the selected discard candidate “data B”
with the specified data “data C” (Step S111).

Since a {ree area required for a cache 1s not available (Step
S108: No), the secondary cache device 410 acquires a
request history of the cache device 120 (Step S310).

The cache device 120 receives an acquisition request for
a request history from the secondary cache device 410.
Then, the cache device 120 transmits request history infor-
mation held by the cache device 120 (Step S401).

The secondary cache device 410 selects the data “data C”
associated with one source “source A” as a discard candidate

in accordance with the request history of the cache device
120 (Step S311) and discards the selected discard candidate

“data C” (Step S111).
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Time “4”)
The secondary cache device 411 receives a read request
for the specified data “data C” from the source “source B”
(Step S101). Then, the secondary cache device 411 records
the source in the request history (Step S102). Since cache
data for the specified data “data C do not exist (Step S103:
No), the secondary cache device 411 acquires the specified
data “data C” from the storage device 200 via the cache
device 120 (Steps S105 and S106) and transmuits the data to
the source “source B” (Step S107).

The cache device 120 receives a read request for the
specified data “data C” from the source “source B” via the
secondary cache device 411 (Step S101). Then, the cache
device 120 records the source in the request history (Step
S5102). Since cache data for the specified data “data C” exist
(Step S103: Yes), the cache device 120 transmits a read
response including the cache data “data C” to the source
“source B” via the secondary cache device 411 (Step S104).

Since a {ree area required for a cache 1s not available (Step
S108: No), the secondary cache device 411 acquires a
request history of the cache device 120 (Step S310).

The cache device 120 receives an acquisition request for
a request history from the secondary cache device 411. Then,
the cache device 120 transmits request history information

held by the cache device 120 (Step S401).

The secondary cache device 411 selects the data “data C”
associated with two sources “source A and “source B” as a
discard candidate 1n accordance with the request history of
the cache device 120 (Step S311) and discards the selected
Clscard candidate “data C” (Step S111).

Time “357)

The secondary cache device 410 receives a read request
for the specified data “data A” from the source “source A”
(Step SlOl) Then, the secondary cache device 410 records
the source in the request history (Step S102). Since cache
data for the specified data “data A exist (Step S103: Yes),
the secondary cache device 410 transmits a read response

including the cache data “data A” to the source “source A”
(Step S5104).

I'1me “6”)

-

T'he secondary cache device 411 receives a read request
for the specified data “data B” from the source “source B”
(Step SlOl) Then, the secondary cache device 411 records
the source 1n the request history (Step S102). Since cache
data for the specified data “data B> exist (Step S103: Yes),
the secondary cache device 411 transmits a read response

including the cache data “data B” to the source “source B”
(Step S104).

I'1tme “77)

-

T'he secondary cache device 410 operates 1n the same way
as at the time *“3.”

The cache device 120 receives a read request for the
specified data “data C” from the source “source A via the
secondary cache device 410 (Step S101). Then, the cache
device 120 records the source in the request history (Step
S5102). Since cache data for the specified data “data C” exist
(Step S103: Yes), the cache device 120 transmits a read
response including the cache data “data C” to the source
“source A” via the secondary cache device 410 (Step S104).

The cache device 120 receives an acquisition request for
a request history from the secondary cache device 410.
Then, the cache device 120 transmits request history infor-
matlon held by the cache device 120 (Step S401).

Time “8”)

-

T'he secondary cache device 411 operates 1n the same way
as at the time *“4.”

The cache device 120 operates in the same way as at the
time “4.”
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As described above, the cache device 120 according to the
present exemplary embodiment retains shared data i a

cache in preference to independent data. In particular, 1f
cache capacity 1s suflicient for retaining entire shared data,
the cache device 120 retains entire read shared data in the
cache. Further, the cache device 120 dynamically judges
whether or not specified data are shared data while the cache
1s 1n operation, 1n accordance with a request history. There-
fore, the cache device 120 according to the present exem-
plary embodiment 1s capable of dynamically distinguishing
between independent data and shared data and preferentially
retaiming shared data in the cache while the cache 1s in
operation.

The secondary cache device 410 preferentially retains
independent data of the source 300 1n a cache. In particular,
iI cache capacity 1s suflicient for retaining entire indepen-
dent data of the source 300, the secondary cache device 410
retains entire read independent data of the source 300 1n the
cache. The secondary cache device 411 operates in the same
way as the secondary cache device 410. In other words, the
secondary cache devices 410 and 411 preferentially retain
independent data of the sources 300 and 301 in the cache,
respectively, and the cache device 120 preferentially retains
shared data 1n the cache. Therefore, 1n the cache device 120,
if the cache device 120 has cache capacity suflicient for
retaining shared data and the secondary cache devices 410
and 411 respectively hold cache capacity suflicient for
retaiming independent data, a hit rate of the cache 1s high
regardless of a ratio of read requests for independent data to
read requests for shared data.

Further, if the secondary cache devices 410 and 411
respectively hold cache capacity suflicient for retaining
independent data, the secondary cache devices 410 and 411
solely retain a cache for independent data, respectively. On
the other hand, 11 the cache device 120 has cache capacity
suilicient for retaimng shared data, the cache device 120
solely retains a cache for shared data. Consequently, i the
cache device 120 according to the present exemplary
embodiment, overall cache utilization efliciency 1s improved
compared with a case in which the cache device 110 1s used.

Fourth Exemplary Embodiment

Next, a fourth exemplary embodiment of the present
invention which 1s a storage including the cache device
according to the aforementioned second exemplary embodi-
ment will be described. In the following description, a same
reference sign 1s given to a similar component described in
the second exemplary embodiment, thus omitting descrip-
tion thereot accordingly.

First, a configuration according to the present exemplary
embodiment will be described.

FIG. 10 1s a block diagram illustrating an example of a
configuration of a storage 130 according to the fourth
exemplary embodiment of the present invention.

The storage 130 1s connected to server caches 430, 431,
and 432. The storage 130 1s connected to servers 330, 331,
and 332 wvia the server caches 430, 431, and 432, respec-
tively. The server caches 430, 431, and 432 are respectively
included in the servers 330, 331, and 332. The storage 130
1s a storage device including a cache that retains data to be
read by the servers 330, 331, and 332.

The storage 130 includes a storage cache information
control unit 131, a divided area determination unit 132, an
access information control unit 133, a data discard determi-
nation unit 134, a divided area creation unit 135, a storage

cache 138, and a HDD (Hard Disk Drive) 139.
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If a data read request 1s 1ssued to the storage 130 from
cach server, the storage cache information control unit 131
determines whether or not specified data for data readout
exist 1n the storage cache 138 and measures a usage amount
of the storage cache 138.

The divided area determination unit 132 determines
which “divided area” on the storage cache 138 specified data
for data readout belong to. The “divided area” will be
described later.

The access information control unit 133 stores a request
history of data read requests from each server.

The data discard determination unit 134 determines dis-
card target data out of data existing in the storage cache 138.
The data discard determination unit 134 selects independent
data as discard target data in preference to shared data out of
data existing in the storage cache 138.

While the divided area creation unit 135 causes the
storage cache 138 to newly retain data, the divided area
creation unit 135 creates a new “divided area.”

The storage cache 138 temporarily retains data read from
the HDD 139.

The HDD 139 always retains data read by the servers 330,
331, and 332.

Next, an operation according to the present exemplary
embodiment will be described.

FIG. 11 1s a flowchart illustrating an operation of the
storage 130 according to the fourth exemplary embodiment
of the present invention. In the flowchart in FIG. 11, only
update processes ol cache data in a storage cache are
illustrated for ease of description and other processes are
omitted. Further, the flowchart 1llustrated 1n FIG. 11 and the
description below are an example, and process order or the
like may be interchanged and processes may be returned or
repeated, as appropriate depending on required processes.

The storage cache information control unit 131 deter-
mines whether or not specified data 1n a data read request
from each server exist 1n the storage cache 138 (Step S501).
It the data exist (Step S501: Yes), the storage cache infor-
mation control unit 131 proceeds to a process 1 Step S502.
On the other hand, 11 the data do not exist (Step S501: No),
the storage cache information control unit 131 proceeds to a
process 1 Step S503.

The divided area determination unit 132 determines
which “divided area™ specified data 1n a data read request
correspond to (Step S502) and proceeds to a process 1n Step
S506.

The data discard determination unit 134 determines
whether or not an amount of storage cache usage exceeds a
predetermined threshold value, 1n accordance with informa-
tion from the storage cache information control unit 131
(Step S503). If the amount exceeds the threshold value (Step
S503: Yes), the data discard determination unit 134 proceeds
to a process 1n Step S504. If the amount does not exceed the
threshold value (Step S503: No), the divided area creation
umt 135 proceeds to a process 1n Step S505.

The data discard determination unit 134 discards data in
a particular “divided area” giving priority to a “divided area™
being independent data (Step S504) and proceeds to a
process 1 Step S505. The data discard determination unit
134 may determine a discard target in accordance with
“server priority” associated with a “divided area.” A specific

example of a selection method of a discard target will be
described later.

The divided area creation unit 135 determines a “divided
area”’ specified by use of a starting address and an ending
address 1 a logical disk so as to cover a range 1n which
specified data 1n a data read request are included, and causes
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the storage cache 138 to retain data existing in the “divided
area” (Step S505). A specific example of a creation method
of a new “divided area” will be described later.

The access information control unit 133 registers 1n a
request history that there exists readout of a particular
“divided area” from a server being a data read source (Step
S506) and returns to the process 1n Step S501.

Next, a specific example of processing according to the
present exemplary embodiment will be described.

First, the “divided area” will be described.

FI1G. 12 15 a diagram for describing a specific example of
a creation method of a “divided area” in the storage 130
according to the fourth exemplary embodiment of the pres-
ent 1nvention.

The “divided area™ refers to a data specification method
by which the storage 130 manages data on the HDD 139 as
cache data. A divided area 1s a set of a starting address and
an ending address of a block including particular data 1n a
“logical disk” into which the HDD 139 1s abstracted. While
a case that a minimum unit of a block 1n a divided area 1s 1
MB” will be described below, a minimum unait 1s not limited
to “1 MB.”

First, the storage 130 receives a read command for data in
an address range of “2 MB” to “2.7 MB” 1n a logical disk
from a server.

Since a minimum unit of a block 1n a divided area 1s 1
MB,” the divided area creation unit 135 in the storage 130
creates a block with a starting address of “2 MB” and an
ending address of “3 MB” as a divided area and retains the
data 1n the storage cache 138.

Next, the storage 130 receives a read command for data
in an address range of “5.2 MB” to “8.6 MB” 1n a logical
disk from a server.

The divided area creation unit 135 creates a block with a
starting address of “5 MB” and an ending address of “9 MB”
as a divided area and retains the data 1n the storage cache
138.

Then, the storage 130 recerves a read command for data
in an address range of “8.7 MB” to “8.9 MB” 1n the same
logical disk from another server.

Data specified by the latest data read command are data
different from data specified by the immediately preceding
data read command. However, the data specified by the
latest data read command are included in the divided area
retained on the storage cache 138 in response to the imme-
diately preceding data read command. Therefore, the storage
130 regards the data specified by the latest data read com-
mand as the same data as the data specified by the 1imme-
diately preceding data read command.

Next, a specific example of a selection method of data
discarded from the storage cache 138 will be described.

FI1G. 13 15 a diagram for describing a specific example of
a selection method of data discarded from the storage cache
138 1n the storage 130 according to the fourth exemplary
embodiment of the present invention.

First, the storage 130 receives a data read request for data
A not retained on the storage cache 138 from a server A.

The storage 130 retains a divided area A including the data
A on the storage cache 138. Further, the storage 130 registers
the read request from the server A to the divided area A 1nto
a request history. At this time, the storage 130 distinguishes
that the divided area A 1s independent data of the server A.

Next the storage 130 recerves a data read request for data
included 1n the divided area A that exists on the storage
cache 138 from a server B.

The storage 130 adds, to the request history regarding the
divided area A already existing, that there 1s a data read
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request from the server B. Consequently, the storage 130
distinguishes that the divided area A 1s shared data of the
servers A and B.

The storage 130 similarly receives data read requests for
data B, C, D, or E from servers A, B, and C. As a result, the
storage 130 creates divided areas B, C, D, and E as 1llus-

trated 1n FIG. 13 and retains a request history regarding each
divided area.

As 1illustrated 1in FIG. 13, the divided areas A, B, and E

regarding which data read requests from a plurality of
servers are recorded in the request history, respectively, are
shared data. On the other hand, the divided areas C and D
regarding which a data read request from one server 1s
recorded 1n the request history, respectively, are independent
data.

The storage 130 may discard cache data from the storage
cache 138 in accordance with priority per server. For
example, assume that priority per server regarding from
which server a data read request 1s preferentially kept 1n the
storage cache 138 i1s defined as the server A, the server B,
and the server C, 1n descending order of priority. In this case,
i a usage amount of the storage cache 138 exceeds a
threshold value, the storage 130 discards, with the highest
priority, the divided area D that are independent data with
low server priority, from the storage cache 138.

Further, 11 only shared data exist on the storage cache 138,
the storage 130 may preferentially discard cache data with a
low data “sharing level” and low priority per server from the
storage cache 138 out of the shared data. The “sharing level”
represents the number of servers sharing shared data.

In a situation illustrated 1n FI1G. 13, the prionty order by
which cache data are discarded i1s the divided area D, the
divided area C, the divided area E, the divided area A, and
the divided area B 1n descending order of priority.

Priority per server 1s predetermined by a user or acquir-
able by gathering statistics on data readout priority. For
example, 11 a data read command conforming to the “SCSI
Architecture Model” 1s used, the storage 130 1s capable of
acquiring priority per server by referring to a “Command
priority” value m a data read command.

As described above, the storage 130 according to the
present exemplary embodiment retains shared data in a
storage cache 1n preference to independent data. In particu-
lar, if cache capacity suflicient for retaining entire shared
data, the storage 130 retains entire read shared data in the
storage cache. Further, the storage 130 dynamically judges
whether or not specified data are shared data while the cache
1s 1n operation, 1 accordance with a request history. There-
fore, the storage 130 according to the present exemplary
embodiment 1s capable of dynamically distinguishing
between independent data and shared data and preferentially
retaining shared data in the cache while the cache 1s n
operation.

Further, 1t 1s highly likely that the storage 130 according
to the present exemplary embodiment retains shared data of
cach server 1n the storage cache 138. Therefore, the storage
130 according to the present exemplary embodiment exhib-
its an ellect that a hit rate of a cache 1s high 1f a ratio of
shared data to independent data 1s high.

Further, in the storage 130 according to the present
exemplary embodiment, shared data are preferentially
retained 1n the storage cache 138, and therefore cache
capacity 1s ethciently utilized 11 a ratio of shared data to
independent data 1s high. Therefore, the storage 130 accord-
ing to the present exemplary embodiment i1s capable of
reducing memory capacity of a read cache and allocating the
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corresponding memory capacity to a write cache if a ratio of
shared data to independent data 1s high.

Further, 1n the storage 130 according to the present
exemplary embodiment, i1t 1s highly likely that data
requested by a high-priority server are retained 1n the storage
cache 138 1f cache data to be discarded are determined 1n
accordance with a data sharing level and priority per server.
Therefore, the storage 130 according to the present exem-
plary embodiment i1s capable of suppressing degradation of
response performance for a data read request from a high-
priority server even under high load.

While a mimimum unit of a divided area 1s assumed to be
1 MB 1n the atforementioned description, a minimum unit 1s
not limited to 1 MB. Further, while a divided area 1s used to
determine data i1dentity, another method may be used for
determination of data identity. For example, data retained 1n
the storage cache 138 are identified by use of a set of a
starting address and a data length of specified data 1n a data
read request.

Further, a data sharing level and priority per server are
used for determining discard target data in the aforemen-
tioned description. However, another element may be used
for determination of discard target data. For example, 1n
determining discard target data, new elements such as pret-
erentially discarding cache data 1n chronological order of the
latest time of data read request, or preferentially discarding
cache data 1n ascending order of request frequency, may be
added. Further, a weighted total of priority based on each
clement may be calculated for each divided area, and cache

data with a low weighted total may be preferentially dis-
carded.

Fifth Exemplary Embodiment

Next, a fifth exemplary embodiment of the present inven-
tion 1n which a server cache and a storage cache cooperate
to retain cache data 1n the aforementioned fourth exemplary
embodiment will be described. In the following description,
a same reference sign 1s given to a similar component
described 1n the fourth exemplary embodiment, thus omit-
ting description thereol accordingly.

First, cache data placement according to the present
exemplary embodiment will be described.

FIGS. 14A and 14B are diagrams 1llustrating an example
of cache data placement according to the fourth and fifth
exemplary embodiments of the present invention. In the
fourth exemplary embodiment of the present invention, it 1s
highly likely that 1dentical shared data are retained 1n each
server cache (FIG. 14A). On the other hand, in the present
exemplary embodiment, 1t 1s lhughly likely that only shared
data are retained in a storage cache and only independent
data are retained 1n a server cache (FIG. 14B).

FIG. 14B will be described 1n detail.

It 1s highly likely that independent data A referred to only
by a server A are retained only by a server cache A. In other
words, the independent data A temporarily retained by a
storage cache are preferentially discarded aifter being
retained by a server cache. The same holds for independent
data B and C.

It 1s highly likely that shared data D referred to by a
plurality of servers A, B, and C are retained only by a storage
cache. In other words, the shared data D temporarily
retained by a server cache A, B, or C are preferentially
discarded aiter being retained by a storage cache.

Next, a configuration according to the present exemplary
embodiment will be described.
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FIG. 15 1s a block diagram illustrating an example of
configurations of a storage 140 and servers 340, 341, and
342 according to the fifth exemplary embodiment of the
present 1vention.

A configuration of the storage 140 according to the
present exemplary embodiment 1s the same as the configu-
ration of the storage 130 according to the fourth exemplary
embodiment. However, an access information control unit
143 according to the present exemplary embodiment oper-
ates differently from the access information control unit 133
according to the fourth exemplary embodiment.

If the access information control unit 143 receives an
“acquisition command” for acquiring request history infor-
mation held by the storage 140, the access information
control unit 143 transmits the request history information
held by the storage 140.

Further, 1f the access information control umt 143
receives a “discard command” for discarding a particular
divided area (cache data) in the storage 140, the access
information control unit 143 discards the divided area 1t the
specified divided area 1s independent data, and deletes the
target server from a request history 1f the specified divided
area 1s shared data.

The remainming operation of the access information control
unit 143 1s the same as the access information control unit
133 according to the fourth exemplary embodiment.

A configuration of the server 340 will be described.
Configurations of the servers 341 and 342 are respectively
the same as the configuration of the server 340. Further, the
servers 340, 341, and 342 respectively include server caches
440, 441, and 442. Further, the server caches 440, 441, and
442 respectively include server cache information control
units 450, 451, and 452.

The server cache 440 1n the server 340 1includes the server
cache information control unit 450.

Further, the server cache information control unit 450
transmits an acquisition command to the storage 140 and
receives request history information held by the storage 140.

Further, the server cache information control unit 450
determines whether or not each divided area (cache data) on
a storage cache 138 1s retained by the server cache 440, 1n
accordance with the acquired request history information.

Further, the server cache information control unit 450
determines which of the server cache 440 or the storage
cache 138 each piece of cache data should be retained by.

Further, the server cache information control unit 450
transmits a discard command for causing the storage 140 to
discard a particular divided area (cache data) on the storage
cache 138.

The remaining configuration of the server 340 according
to the present exemplary embodiment 1s the same as the
configuration of the server 330 according to the fourth
exemplary embodiment.

A response to the acquisition command includes at least
request history information about a divided area 1in which a
request history from the server 340 exists out of request
history information held by the storage 140. Request history
information about one divided area includes, for example,
information about presence of a data read request from each
server for a starting address of a divided area, a data length
of a divided area, and divided area data.

Further, a discard command includes, for example, a
starting address and a data length of a divided area.

Alternatively, an 1dentifier of each divided area may be
notified to the server cache 440 1n response to the acquisition
command, and each divided area may be 1dentified by use of
the 1dentifier of the divided area 1n the discard command.




US 9,858,204 B2

25

Next, an operation according to the present exemplary
embodiment will be described.

FI1G. 16 1s a flowchart illustrating operations of the storage
140 and the server 340 according to the fifth exemplary
embodiment of the present imvention. Operations of the
servers 341 and 342 are respectively the same as the
operation of the server 340. The flowchart in FIG. 1
illustrates update processes of only one piece of cache data
in a storage cache and a server cache for ease of description,
and other processes are omitted. Further, the flowchart
illustrated mm FIG. 16 and the description below are an
example, and process order or the like may be interchanged
and processes may be returned or repeated, as appropriate
depending on required processes.

The server cache information control unit 450 1n the
server 340 transmits a command for acquiring request
history information held by the storage 140 to the storage
140 (Step S601) and proceeds to a process 1 Step S602.

The access information control unit 143 1n the storage 140
receives the acquisition command from the server 340 and
transmits request history information about a divided area
requested by the server 340 out of request history informa-
tion about divided areas retained 1n the access information
control unit 143 (Step S602) and proceeds to a process 1n
Step S603. A divided area 1s handled 1n the same way as 1n
the fourth exemplary embodiment of the present invention.

The server cache information control unit 450 1n the
server 340 determines whether or not each divided area of
the storage cache 138 1s retained 1n the server cache 440, in
accordance with request history information held by the
storage cache 138 (Step S603). If the divided area does not
exist (Step S603: Yes), the server cache information control

unit 450 proceeds to a process 1n Step S604. On the other
hand, 11 the divided area exists (Step S603: No), the server
cache mformation control umt 450 proceeds to a process 1n
Step 5606.

The server cache information control unit 450 1n the
server 340 determines whether or not a particular divided
area should be retained by the storage cache 138, 1n accor-
dance with a sharing level, request frequency, and the like of
cach divided area (cache data) (Step S604). If the divided
area should be retained by the storage cache 138 (Step S604:
Yes), the server cache imnformation control unit 450 returns
to the process i Step S601. On the other hand, 11 the divided
area should be retained by the server cache 440 (Step S604:
No), the server cache information control unit 450 proceeds
to a process 1n Step S605.

The server cache information control unit 450 in the
server 340 retains the particular divided area 1n the server
cache 440 (Step S605) and proceeds to a process 1 Step
S608.

The server cache information control unit 450 1n the
server 340 determines whether or not a particular divided
area should be retained by the server cache 440, in accor-
dance with a sharing level, request frequency, and the like of
cach divided area (cache data) (Step S606). If the divided
area should be retained by the server cache 440 (Step S606:
Yes), the server cache information control unit 450 proceeds
to a process 1n Step S608. On the other hand, 11 the divided
area should be retained by the storage cache 138 (Step S606:
No), the server cache information control unit 450 proceeds
to a process 1n Step S607.

The server cache information control unit 450 in the

server 340 discards the particular divided area of the server
cache 440 (Step S607) and returns to the process 1 Step
S601.
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The server cache information control unit 450 in the
server 340 transmits a command for causing the particular
divided area (cache data) of the storage cache 138 to be
discarded to the storage 140 (Step S608) and proceeds to a
process 1 Step S609.

The access information control unit 143 1n the storage 140
receives the discard command and determines whether or
not the specified divided area 1s independent data (Step
S5609). If the area 1s independent data (Step S609: Yes), the
access information control unit 143 proceeds to a process 1n
Step S610. On the other hand, 1f the area 1s shared data (Step
S609: No), the access information control unit 143 proceeds
to a process 1 Step S611.

The access information control unit 143 1n the storage 140
discards the particular divided area from the storage cache
138 (Step S610) and returns to the process 1n Step S601.

The access information control unit 143 1n the storage 140
erases the server 340 from the request history regarding the
particular divided area (Step S611) and returns to the process
in Step S601.

As described above, the server 340 according to the
present exemplary embodiment 1s capable of discarding
shared data retained 1n the server cache 440. Therefore, the
server 340 according to the present exemplary embodiment
exhibits an eflect of improving utilization efliciency of
limited server cache capacity or reducing server cache
capacity, 1n addition to the effect exhibited by the fourth
exemplary embodiment of the present invention.

Further, 1n the servers 340, 341, and 342 and the storage
140 according to the present exemplary embodiment, it 1s
not likely that identical data are retained 1n a server cache
and a storage cache. Therefore, the server 340, 341, and 342
or the storage 140 according to the present exemplary
embodiment exhibits an effect of improving utilization eth-
ciency of limited capacity of a server cache or a storage
cache, or reducing capacity of a server cache or a storage
cache, 1n additions to the effect exhibited by the fourth
exemplary embodiment of the present invention.

While the cache device according to each of the afore-
mentioned exemplary embodiments may be realized by a
dedicated device, the device may also be realized by a
computer (1information process device). In this case, such a
computer reads a software program stored 1n a memory (not
illustrated) into a CPU (Central Processing Unit, not 1llus-
trated) and, by executing the read software program on the
CPU, outputs the execution result to, for example, a user
interface. In cases of each of the aforementioned exemplary
embodiments and modified examples thereof, such a sofit-
ware program has only to include a statement that can realize
a Tunction of each unit 1n the cache device 100 illustrated 1n
FI1G. 1, each unit 1n the cache device 110 illustrated in FIG.
4, or each unit 1n the cache device 120 illustrated in FIG. 7
as described above. It 1s also conceivable that the cache unit
101 in the cache device 100, the cache unit 101 1n the cache
device 110, or the cache unit 101 1n the cache device 120
includes hardware as appropriate. In such a case, such a
soltware program (computer program) can be perceived to
configure the present invention. Further, a computer-read-
able storage medium storing such a software program can
also be perceived to configure the present invention.

The previous description of embodiments 1s provided to
enable a person skilled in the art to make and use the present
invention. Moreover, various modifications to these exem-
plary embodiments will be readily apparent to those skilled
in the art, and the generic principles and specific examples
defined herein may be applied to other embodiments without
the use of inventive faculty. Therefore, the present invention
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1s not intended to be limited to the exemplary embodiments
described herein but 1s to be accorded the widest scope as
defined by the limitations of the claims and equivalents.

Further, 1t 1s noted that the inventor’s intent 1s to retain all
equivalents of the claimed mvention even if the claims are
amended during prosecution.

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2014-250580,
filed on Dec. 11, 2014, the disclosure of which 1s incorpo-
rated herein 1n 1ts entirety by reference.

The aforementioned exemplary embodiments may also be
described in whole or part as the following Supplementary
Notes but are not limited thereto.

(Supplementary Note 1)

A cache device connected to a storage device and con-
nected to a plurality of sources, the cache device including:

a cache unit that receives a first read request from a first
of the sources, and, if not retaining first data specified 1n the
first read request, transmits the first read request to the
storage device, receives a first read response from the
storage device, and transmits the first read response to the
first source, and meanwhile, if retaining the first data,
transmits a second read response including the first data to
the first source; and

a storage area control unit that stores the first source as a
first history 1n association with specification of the first data,
and, 1f the first data are not retained by the cache unit and a
storage area suilicient for retaiming the first data exists in the
cache unit, causes the cache unit to store the first data, and
meanwhile, 11 the first data are not retained by the cache unit

and a storage area suilicient for retaining the first data does
not exist 1n the cache unit, selects data associated with a less
number of the sources 1n the first history as second data in
preference to data associated with a greater number of the
sources 1n the first history out of the first data or data retained
by the cache umit, and, if the second data differ from the first
data, causes the cache unit to discard the second data and
then store the first data.

(Supplementary Note 2)

The cache device according to Supplementary Note 1,
being connected to a plurality of the sources via one sec-
ondary cache device, respectively, wherein

the secondary cache device receives a second read request
from the first source, and, 11 not retaining third data specified
in the second read request, transmits the second read request
to the storage device via the cache device, recerves a third
read response ifrom the storage device via the cache device,
and transmuits the third read response to the first source, and
meanwhile, if retaining the third data, transmits a fourth read
response including the third data to the first source, and

the secondary cache device stores the first source as a
second history 1n association with specification of the third
data, and, 11 the third data are not retained and a storage area
suilicient for retaining the third data exists, stores the third
data, and meanwhile, i1f the third data are not retained and a
storage area suilicient for retaining the third data does not
exist, selects data less frequently associated with the source
in the second history as fourth data in preference to data
more frequently associated with the source 1n the second
history out of the third data or retained data, and, 11 the fourth
data difer from the third data, discards the fourth data and
then stores the third data.

(Supplementary Note 3)

The cache device according to Supplementary Note 1,
being connected to a plurality of the sources via one sec-
ondary cache device, respectively, wherein
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the cache device further includes a communication unit
that transmits information about the first history to the
secondary cache device,

the secondary cache device receives a second read request
from the first source, and, i not retaining third data specified
in the second read request, transmits the second read request
to the storage device via the cache device, recerves a third
read response from the storage device via the cache device,
and transmuits the third read response to the first source, and
meanwhile, 1f retaining the third data, transmits a fourth read
response including the third data to the first source, and

the secondary cache device, 1f the third data are not
retained and a storage area suflicient for retaining the third
data exists, stores the third data, and meanwhile, i1f the third
data are not retained and a storage area suflicient for
retaining the third data does not exist, acquires information
about the first history from the cache device and selects data
associated with a greater number of the sources in the first
history as fifth data in preference to data associated with a
less number of the sources 1n the first history out of the third
data or retained data, and, if the fifth data difer from the
third data, discards the fifth data and then stores the third
data.

(Supplementary Note 4)

A secondary cache device connected to a storage device
via the cache device according to Supplementary Note 1 and
connected to one source, respectively,

the secondary cache device acquiring information about
the first history from the cache device and determining data
to be discarded 1n accordance with the first history.

(Supplementary Note 5)

A secondary cache device connected to a storage device
via the cache device according to Supplementary Note 1 and
connected to one source, respectively, the secondary cache
device including:

a secondary cache unit that receives a second read request
from the first source, and, 11 not retaining third data specified
in the second read request, transmits the second read request
to the storage device via the cache device, recerves a third
read response from the storage device via the cache device,
and transmits the third read response to the first source, and
meanwhile, 1f retaining the third data, transmaits a fourth read
response including the third data to the first source; and

a secondary storage area control unit that, 1f the third data
are not retained and a storage area suflicient for retaining the
third data exists, stores the third data, and meanwhile, 1t the
third data are not retained and a storage area suflicient for
retaining the third data does not exist, acquires information
about the first history from the cache device and selects data
associated with a greater number of the sources in the first
history as fifth data in preference to data associated with a
less number of the sources 1n the first history out of the third
data or retained data, and 1f the fifth data differ from the third
data, discards the fifth data and then stores the third data.

(Supplementary Note 6)

The cache device according to Supplementary Note 1,
wherein

the storage area control unit, when causing the cache unit
to store the first data, causes the cache unit to store a data
block including the first data retained by the storage device,

as the first data, and

the cache unit, when determiming whether or not to retain
the first data, determines to retain the first data if the first
data are included 1n a data block stored as the first data.




US 9,858,204 B2

29

(Supplementary Note 7)

A cache system including:

a cache device connected to a storage device; and

a plurality of secondary cache devices connected to the
storage device via the cache device, and connected to one
source, respectively, wherein

the cache device includes

a cache unit that receives a first read request from a first
of the sources via the secondary cache device, and, 11 not
retaining {irst data specified 1n the first read request, trans-
mits the first read request to the storage device, receives a
first read response from the storage device, and transmits the
first read response to the first source via the secondary cache
device, and meanwhile, it retaining the first data, transmits
a second read response including the first data to the first
source via the secondary cache device, and

a storage area control unit that stores the first source as a
first history 1n association with specification of the first data,
and, 11 the first data are not retained by the cache unit and a
storage area sullicient for retaiming the first data exists in the
cache unit, causes the cache unit to store the first data, and
meanwhile, 11 the first data are not retained by the cache unit
and a storage area suilicient for retaining the first data does
not exist 1n the cache unit, selects data associated with a less
number of the sources 1n the first history as second data in
preference to data associated with a greater number of the
sources 1n the first history out of the first data or data retained
by the cache unit, and, 1f the second data differ from the first
data, causes the cache unit to discard the second data and
then store the first data, and

the secondary cache device includes

a secondary cache unit that receives a second read request
from the first source, and, 11 not retaining third data specified
in the second read request, transmits the second read request
to the storage device via the cache device, recetves a third
read response Ifrom the storage device via the cache device,
and transmuits the third read response to the first source, and
meanwhile, if retaining the third data, transmaits a fourth read
response including the third data to the first source, and

a secondary storage area control unit that, 1f the third data
are not retained and a storage area suflicient for retaining the
third data exists, stores the third data, and meanwhile, 1t the
third data are not retained and a storage area suflicient for
retaining the third data does not exist, acquires information
about the first history from the cache device and selects data
associated with a greater number of the sources in the first
history as fourth data in preference to data associated with
a less number of the sources in the first history out of the
third data or retained data, and, i1f the fourth data differ from
the third data, discards the fourth data and then stores the
third data.

(Supplementary Note 8)

A cache method 1n a cache device connected to a storage
device and connected to a plurality of sources, the cache
method including:

receiving a first read request from a first of the sources,
and, 1f not retaiming first data specified i the first read
request, transmitting the first read request to the storage
device, receiving a {first read response from the storage
device, and transmitting the first read response to the first
source, and meanwhile, 1f retaining the first data, transmit-
ting a second read response including the first data to the first
source; and

storing the first source as a {irst history 1n association with
specification of the first data, and, 11 the first data are not
retained and a storage area suflicient for retaining the first
data exists, storing the first data, and meanwhile, if the first
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data are not retained and a storage area suflicient for
retaining the first data does not exist, selecting data associ-
ated with a less number of the sources in the first history as
second data 1n preference to data associated with a greater
number of the sources 1n the first history out of the first data
or retained data, and, if the second data differ from the first
data, discarding the second data and then storing the first
data.

(Supplementary Note 9)

A computer-readable recording medium recording a cache
program for causing a computer to execute, as a cache
device connected to a storage device and connected to a
plurality of sources:

a cache process of recerving a first read request from a
first of the sources, and, 11 not retaining first data specified
in the first read request, transmitting the first read request to
the storage device, recerving a first read response from the
storage device, and transmitting the first read response to the
first source, and meanwhile, if retaiming the first data,
transmitting a second read response including the first data
to the first source; and

a storage area control process of storing the first source as
a first history 1n association with specification of the first
data, and, if the first data are not retained and a storage area
suflicient for retaiming the first data exists, storing the first
data, and meanwhile, 1f the first data are not retained and a
storage area suflicient for retaiming the first data does not
exist, selecting data associated with a less number of the
sources 1n the first history as second data in preference to
data associated with a greater number of the sources 1n the
first history out of the first data or retained data, and, 1f the
second data differ from the first data, discarding the second
data and then storing the first data.

(Supplementary Note 10)

The cache device according to Supplementary Note 2,
wherein

the storage area control unit, when causing the cache unit
to store the first data, causes the cache unit to store a data
block including the first data retained by the storage device,
as the first data, and

the cache unit, when determiming whether or not to retain
the first data, determines to retain the first data it the first
data are included 1n a data block stored as the first data.

(Supplementary Note 11)

The cache device according to Supplementary Note 3,
wherein

the storage area control unit, when causing the cache unit
to store the first data, causes the cache unit to store a data
block including the first data retained by the storage device,
as the first data, and

the cache unit, when determinming whether or not to retain

the first data, determines to retain the first data if the first
data are included 1n a data block stored as the first data.

"y

INDUSTRIAL APPLICABILITY

The present invention 1s applicable to control of cache
data 1n a system including a plurality of servers, and a
memory, an SSD, a hard disk, a disk array, a database, a
server, or the like shared by each server.

The present mvention 1s applicable to control of cache
data 1 a system including a plurality of terminals, and a
memory, an SSD, a hard disk, a disk array, a database, a
server, or the like shared by each terminal.

The present mvention 1s applicable to control of cache
data 1 a device including a plurality of CPUs, and a
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memory, an SSD, a hard disk, a disk array, a database, a
server, or the like shared by each CPU.

The present mvention 1s applicable to control of cache
data 1n a multi-core CPU, and a memory, an SSD, a hard
disk, a disk array, a database, a server, or the like shared by
each core.

The present mvention 1s applicable to control of cache
data 1n a multithread-capable CPU, and a memory, an SSD,
a hard disk, a disk array, a database, a server, or the like

shared by each thread.

REFERENCE SIGNS LIST

100 Cache device

101 Cache umit

102 Storage area control unit
200 Storage device

300, 301 Source
110 Cache device

400, 401 Secondary cache device

120 Cache device

123 Communication unit

410, 411 Secondary cache device

130 Storage

131 Storage cache information control unit
132 Divided area determination unit

133 Access information control unit

134 Data discard determination unit

135 Divided area creation unit

138 Storage cache
139 HDD

330, 331, 332 Server

430, 431, 432 Server cache

140 Storage

143 Access information control unit

340, 341, 342 Server

440, 441, 442 Server cache

450, 451, 452 Server cache information control unit

The 1nvention claimed 1s:

1. A cache device connected to a storage device and
connected to a plurality of sources, the cache device com-
prising;:

a cache unit that receives a first read request from a first
of the sources, and, 1f not retaining first data specified
in the first read request, transmits the first read request
to the storage device, recerves a first read response from
the storage device, and transmits the first read response
to the first source, and meanwhile, 11 retaining the first
data, transmits a second read response including the
first data to the first source; and

a storage area control unit that stores the first source as a
first history 1n association with specification of the first
data, and, 11 the first data are not retained by the cache
umt and a storage area suilicient for retaining the first
data exists 1n the cache unit, causes the cache unit to
store the first data, and meanwhile, 1f the first data are
not retained by the cache unit and a storage area
sullicient for retaining the first data does not exist in the
cache unit, selects data associated with a less number of
the sources 1n the first history as second data 1n pret-
erence to data associated with a greater number of the
sources 1n the first history out of the first data or data
retained by the cache umit, and, if the second data differ
from the first data, causes the cache unit to discard the
second data and then store the first data.
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2. The cache device according to claim 1, being connected
to a plurality of the sources via one secondary cache device,
respectively, wherein

the secondary cache device receives a second read request
from the first source, and, 1f not retaiming third data
specified 1n the second read request, transmits the
second read request to the storage device via the cache
device, receives a third read response from the storage
device via the cache device, and transmits the third read
response to the first source, and meanwhile, if retaining
the third data, transmits a fourth read response 1nclud-
ing the third data to the first source, and

the secondary cache device stores the first source as a
second history 1n association with specification of the
third data, and, i1f the third data are not retained and a
storage area suflicient for retaining the third data exists,
stores the third data, and meanwhile, 1f the third data
are not retained and a storage area suflicient for retain-
ing the third data does not exist, selects data less

frequently associated with the source in the second

history as fourth data in preference to data more

frequently associated with the source in the second

history out of the third data or retained data, and, 11 the

fourth data differ from the third data, discards the fourth
data and then stores the third data.

3. The cache device according to claim 1, being connected
to a plurality of the sources via one secondary cache device,
respectively, wherein

the cache device further comprises a communication unit
that transmits information about the first history to the
secondary cache device,

the secondary cache device receives a second read request
from the first source, and, 11 not retaimng third data
specified 1n the second read request, transmits the
second read request to the storage device via the cache
device, receives a third read response from the storage
device via the cache device, and transmaits the third read
response to the first source, and meanwhile, if retaining
the third data, transmits a fourth read response 1nclud-
ing the third data to the first source, and

the secondary cache device, if the third data are not
retained and a storage area suflicient for retaining the
third data exists, stores the third data, and meanwhile,
if the third data are not retained and a storage area
suflicient for retaining the third data does not exist,
acquires information about the first history from the
cache device and selects data associated with a greater
number of the sources 1n the first history as fifth data in
preference to data associated with a less number of the
sources 1n the first history out of the third data or
retained data, and, 1t the fifth data diftfer from the third
data, discards the fifth data and then stores the third
data.

4. A secondary cache device connected to the storage
device via the cache device according to claim 1 and
connected to one source, respectively,

the secondary cache device acquiring information about
the first history from the cache device and determining
data to be discarded 1n accordance with the first history.

5. A secondary cache device connected to the storage
device via the cache device according to claam 1 and
connected to the first source, respectively, the secondary
cache device comprising:

a secondary cache unit that receives a second read request
from the first source, and, 11 not retaiming third data
specified 1n the second read request, transmits the
second read request to the storage device via the cache
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device, recerves a third read response from the storage
device via the cache device, and transmats the third read
response to the first source, and meanwhile, if retaining
the third data, transmits a fourth read response includ-
ing the third data to the first source; and

a secondary storage area control unit that, 11 the third data
are not retained and a storage area suflicient for retain-
ing the third data exists, stores the third data, and
meanwhile, 1f the third data are not retained and a
storage area suflicient for retaining the third data does
not exist, acquires miformation about the first history
from the cache device and selects data associated with
a greater number of the sources 1n the first history as
fifth data 1n preference to data associated with a less
number of the sources 1n the first history out of the third
data or retained data, and 1i the fifth data differ from the
third data, discards the fifth data and then stores the
third data.

6. The cache device according to claim 1, wherein

the storage area control unit, when causing the cache unit
to store the first data, causes the cache unit to store a
data block including the first data retamned by the
storage device, as the first data, and

the cache unit, when determining whether or not to retain
the first data, determines to retain the first data it the
first data are included 1n a data block stored as the first
data.

7. A cache system comprising:

a cache device connected to a storage device; and

a plurality of secondary cache devices connected to the
storage device via the cache device, and connected to
a first source within a plurality of sources, respectively,
wherein

the cache device includes

a cache unait that receives a first read request from the first
source via a secondary cache device within the sec-
ondary cache devices, and, i1f not retaining first data
specified 1n the first read request, transmits the first read
request to the storage device, receives a first read
response from the storage device, and transmits the first
read response to the first source via the secondary cache
device, and meanwhile, 1f retaining the first data, trans-
mits a second read response including the first data to
the first source via the secondary cache device, and

a storage area control unit that stores the first source as a
first hustory 1n association with specification of the first
data, and, i1 the first data are not retained by the cache
umt and a storage area suilicient for retaining the first
data exists 1n the cache unit, causes the cache unit to
store the first data, and meanwhile, 1t the first data are
not retained by the cache unit and a storage area
suflicient for retaining the first data does not exist in the
cache unit, selects data associated with a less number of
the sources in the first history as second data in pret-
erence to data associated with a greater number of the
sources 1n the first history out of the first data or data
retained by the cache unit, and, if the second data difler
from the first data, causes the cache unit to discard the
second data and then store the first data, and

the secondary cache device includes

a secondary cache unit that receives a second read request
from the first source, and, 1f not retaimng third data
specified 1 the second read request, transmits the
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second read request to the storage device via the cache
device, receives a third read response from the storage
device via the cache device, and transmits the third read
response to the first source, and meanwhile, 11 retaining
the third data, transmits a fourth read response includ-
ing the third data to the first source, and

a secondary storage area control unit that, 1f the third data
are not retained and a storage area suilicient for retain-
ing the third data exists, stores the third data, and
meanwhile, 11 the third data are not retained and a
storage area suflicient for retaining the third data does
not exist, acquires mformation about the first history

from the cache device and selects data associated with
a greater number of the sources 1n the first history as
fourth data 1n preference to data associated with a less
number of the sources 1n the first history out of the third
data or retained data, and, 11 the fourth data differ from
the third data, discards the fourth data and then stores
the third data.

8. A cache method 1n a cache device connected to a

storage device and connected to a plurality of sources, the
cache method comprising;:

recerving a first read request from a first of the sources,
and, 11 not retaining first data specified in the first read
request, transmitting the first read request to the storage
device, recerving a first read response from the storage
device, and transmitting the first read response to the
first source, and meanwhile, 1f retaining the first data,
transmitting a second read response including the first
data to the first source; and

storing the first source as a first history 1n association with
specification of the first data, and, if the first data are
not retained and a storage area suflicient for retaining
the first data exists, storing the first data, and mean-
while, 1f the first data are not retained and a storage area
suflicient for retaining the first data does not exist,
selecting data associated with a less number of the
sources 1n the first history as second data 1n preference
to data associated with a greater number of the sources
in the first history out of the first data or retained data,
and, 1f the second data differ from the first data,
discarding the second data and then storing the first
data.

9. The cache device according to claim 2, wherein

the storage area control unit, when causing the cache unit
to store the first data, causes the cache unit to store a
data block including the first data retamned by the
storage device, as the first data, and

the cache unit, when determiming whether or not to retain
the first data, determines to retain the first data if the
first data are 1included 1n a data block stored as the first
data.

10. The cache device according to claim 3, wherein

the storage area control unit, when causing the cache unit
to store the first data, causes the cache unit to store a
data block including the first data retained by the
storage device, as the first data, and

the cache unit, when determinming whether or not to retain
the first data, determines to retain the first data 11 the

first data are included 1in a data block stored as the first
data.
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